We measured nitrogen transformations and loss following forest clearing in a relatively fertile tropical forest site. Nitrogen mineralization, nitrification, and amounts of ammonium and nitrate increased substantially in surface soils during the 6 mo following burning, then returned to background levels. The nitrogen content of microbial biomass declined to half its original value 6 mo after clearing and remained low in the cleared sites. Plant uptake of nitrogen was substantial on cleared plots (50 g/m2), but it accounted for only 18% of 15N label added to field plots. Microbial immobilization of 15N was small relative to that in a cleared temperate site, and measurements of denitrification potentials suggested that relatively little mineralized nitrogen was lost to the atmosphere. Substantial amounts of nitrogen (40-70 g/m2) were retained as exchangeably bound nitrate deep in the soils of a cleared plot on which revegetation was prevented; this process accounted for 12% of the 15N label added to field plots.
Laboratory experiments
Several laboratory measurements and experiments were carried out to aid in the interpretation ofthe field measurements.
Surface soils (0-15 cm) collected in March, July, and November 1984 were incubated in the laboratory at field capacity and 22 ? 2? using pro? cedures described by Vitousek and Matson (1985) . Water content was monitored gravimetrically and adjusted weekly with distilled water. After 28 d, the in? cubated soils were extracted in 2 M KC1 and analyzed as described above. This technique allowed the identification of differences among treatments that were caused by variations in substrate quality as opposed to those that were caused by field temperature and moisture conditions ( Finally, we investigated the controls of denitrifica? tion using a series of laboratory experiments. Fifty intact soil cores were collected in the 1984 successional plot in July 1984. Of these, 10 were not treated, 10 received 5 mL of distilled water (equivalent to a 1.2-cm rain), 10 received 5 mL of a 100 mg/L solution of ammonium-nitrogen, 10 received 5 mL of 100 mg/L nitrate-nitrogen, and the final 10 received 5 mL of 1000 mg/L glucose. Half the cores were incubated with 5 mL of acetylene, and gas samples for N20 analyses were collected as described above. These measure? ments were repeated in November 1984, except that all the cores were amended with acetylene, no am? monium was added, and succinate (which is nonfermentable) rather than glucose was used as an energy source. Similar measurements were done in January 1985, at which time an additional 10 cores were purged with N2 prior to incubation.
I5N retention in field plots
We used 15N in isolated field plots to identify the mechanisms by which nitrogen was retained within the cleared sites ( were elevated in the 1984 sites shortly after burning, and that they returned to levels close to those in the secondary forest within 6 mo in both treatments (Fig. 3) . Nitrogen mineralization was generally greater in the secondary forest than in the 1979 successional plot and lowest in the 1979 bare plot. Almost all of the mineralized nitrogen was oxidized to nitrate during the incubations.
The amount of nitrogen mineralized during in situ incubations was converted to an areal basis and summed over the year (Table 1) . By this estimate, net annual mineralization increased ~50% in the 1984 cleared plots relative to the secondary forest; all ofthe increase occurred during the 1st 5 mo (Fig. 3) . Microbial biomass nitrogen.? Amounts of nitrogen in microbial biomass shortly after burning were similar in both ofthe 1984 cleared plots and in the secondary forest (Fig. 4) . Thereafter, they declined steadily in cleared plots to approximately half of their original value by September. The amount of nitrogen that disappeared from microbial biomass during this decline, 450 kg/ha, was similar to the concurrent increase in net nitrogen mineralization (Table 1) . Overall, the largest quantities of nitrogen in microbial biomass were found in the secondary forest, while the 1979 succes- (Fig. 4) .
Denitrification. ?Estimates of denitrification and nitrous oxide using the intact-core method were highly variable. Immediately after burning, rates in the newly cleared plots were significantly higher than in other plots (Table 2) were observed in surface soils, but measurable nitrogen release occurred down to the 45-85 cm depth interval, the deepest studied (Fig. 5) .
Immobilization. ? Regardless of whether 15N was added as ammonium or nitrate, most of the added label was recovered in nitrate after 30 d (Table 4) . Relatively small amounts of 15N were recovered in microbial bio? mass, and very little was present as ammonium.
Im? mobilization by microbes was greater in soil from all of the vegetated plots than from either bare plot, and the amount of nitrogen immobilized increased with vegetation age. Finally, less 15N label was recovered as inorganic nitrogen and more as microbial biomass when 15N was added as ammonium than as nitrate (Table   4) . Denitrification experiments. ? Despite the extremely large amounts of nitrate in the soil of the newly cleared plots, rates of denitrification were low. Results from the laboratory experiments designed to examine controls on denitrification indicated no significant re?
sponse to nitrogen addition, but greater than an order of magnitude response to carbon additions (Fig. 6) .
Purging the soils with nitrogen gas during the experi? ment caused increased denitrification compared to controls, but significantly less than in carbon-amended 
;W retention in field plots
Nitrogen distribution.? Subplots that had been labelled with 15N were sampled to a depth of 85 cm. Differences in amounts of soil organic nitrogen among these disturbed plots were relatively small, but large differences in the amounts and vertical distributions of other forms of nitrogen were observed (Table 5) trate-nitrogen at depth in the 1984 vegetation-free plot (Fig. 7) . Less than half of this nitrate was extractable in distilled water (Table 5) ; the remainder was held by anion exchange. These results led us to undertake ad? ditional sampling down to 150 cm depth 6 wk later, in March 1985. The highest nitrate concentrations were still located in the 45-85 cm depth increment, but elevated concentrations of nitrate were found at least down to 110-150 cm (Fig. 7) .
Nitrogen uptake by regrowing vegetation in the 1984 successional plot was substantial; nitrogen in plants plus senesced leaves (aboveand belowground) amounted to 50 g/m2 10 mo after burning (Table 6 ). Most nitrogen was in the form of soil organic nitrogen in all the treatment plots, and there were no significant differences among treatments in the total amount of nitrogen to a depth of 85 cm (Fig. 8) (Table 5 ). An additional 28 g/m2 of nitrate-N were held between 85 and 150 cm. Nitrate adsorption is neither a familiar nor an important pro? cess in the nitrogen cycle of temperate forest ecosys? tems, but it can be substantial on variable-charge clays Overall, Berish (1983) reported that 180-250 g/m2 of N disappeared from surface soils (0 to 25 cm) at the site in the 18 mo following land clearing and estimated that ~3.5 g/m2 and 26 g/m2 of nitrate-N leached past 25 cm in successional and bare plots respectively. We measured denitrification rates in intact cores and N20 fluxes from the soils and found that losses by these pathways were small, probably < 1 g/m2 in the year following clearing. We also found substantial amounts of nitrate (~70 g/m2) and some 15N label below 45 cm depth in the bare plot. We suggest that this site loses less nitrogen following disturbance than would appear from measurements of total nitrogen pool sizes in the upper horizons, and that anion exchange in the subsoil can retain much of the mobilized nitrogen on-site. Leaching appears to be the most important vehicle of nitrogen removal from surface soil; it is possible that Berish (1983) underestimated an early pulse of nitrate leaching. His measurements began in July 1979, 4 mo after his plots were burned.
The mechanisms retaining nitrogen within this cleared site differed sharply from those in a harvested pine plantation on the North Carolina Piedmont (Vi? tousek and , 1985 , Vitousek and Andariese 1986 ). This comparison is not intended to exemplify the differences between tropical and temperate forest ecosystems; rather it represents the only two cleared forest sites for which this kind of information is available. Rates of nitrogen mineralization in North Carolina were 3-4 times greater in cleared than in un? cut reference plots, but they remained an order of mag? nitude lower than those at Turrialba (Vitousek and Matson 1985) . Nitrogen losses were much lower in North Carolina; leaching losses and denitrification were small, and 94% of added 15N was recovered in cleared subplots that had been subjected to minimum intensity management ( 
